Nilo Antoniolnt. Journal of Engineering Research and Application www.ijera.com
ISSN : 2248-9622, Vol. 8, Issue5 (Part -111) May 2018, pp53-57

RESEARCH ARTICLE OPEN ACCESS

Multivariate Analysis of Meteorological Parameters in Sdo Paulo
City

Nilo Antonio de Sousa Sampaio®? Bernardo Bastos da Fonsecal, Rosinei
Batista Ribeiro®* Adriano José Sorbile de Souza®* Igor Alexandre Fioravante4,

José Wilson de Jesus Silva*®

1Universidade do Estado do Rio de Janeiro, DMFC UERJ FAT, Resende, RJ, Brazil
2Associacdo Educacional Dom Bosco, AEDB, Resende, RJ, Brazil

3Centro Universitdrio Teresa D’Avila, UNIFATEA, Lorena, SP, Brazil

4Faculdade de Tecnologia do Estado de Sédo Paulo, FATEC, Cruzeiro, SP, Brazil
5Pontificia Universidade Catélica de Sdo Paulo, PUC, Sao Paulo, SP, Brazil
Corresponding author: José Wilson de Jesus Silva

ABSTRACT

Formation and decomposition of NOx and ozone are closely linked to several respiratory and environmental
problems, making the study of these compounds of great importance.With the number of automobiles growing
steadily, beyond the rampant industrialization in certain developing countries, it has endangered a serious
problem, especially in industrialized urban centers, which is air pollution, also generating deaths due to certain
components toxicity.In this work, Statistica and Excel softwarehave been used for a more concise analysis of
results and relations of parameters. With statistics, it was able to obtain analysis from multi-variational statistic,
coupling parameters and elucidating relations among them. Using Excel, we could obtain a better evaluation of
variation of compounds in relation to time, so we can then make the means of each month to divide the study
among the year seasons.This paper's goal is to analyze and verify relationship between ozone and NOX, in
besides observing which meteorological parameters are closely related to the higher or lower formation of these
compounds, based on meteorological data collection of NOx and ozone compounds, besides several data
obtained at CETESB, USP station, Sdo Paulo.According to obtained data, some points were selected for a more
precise analysis of ozone concentrations. Data have been obtained during 24 hours, and observing a significant
concentration pattern afterward, it was verified that this interval is of 6h up to 18h. Thus, data were selected in
those time periods over a year. With all data obtained, analyzed and generated in graphs and comparisons, it was
possible to observe the direct connection between NOx and ozone, with variation according to the year seasons,
being more specific according to changes in temperature, pressure, rainfall, and even with quantity of passing
cars.
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I. INTRODUCTION engines, with the burning of fossil fuels, with the
People constantly face with news related emergence of the steel and chemical
to natural disasters or problems in the environment, industries. These processes were not accompanied
whether by pollution or disease and even by analyzes that could assess their impact on the
extinctions of living beings.These increasingly environment, the toxicity of waste produced or the
recurring problems may be related to certain types likely health damage”.Unfortunately, it realized
of compounds in environment that, in reaction with that one of the most fundamental elements that has
other compounds, become harmful to health. been attacked by man is air. Since the same would
Air pollution has long been a major be indispensable for the life not only human, but
problem in industrialized urban centers, with the also of several living beings. According to Braga
increasing presence of automobiles [1,13].Episodes [3,15], it probably received no greater attention
of excessive pollution caused an increase in the because it was abundant, invisible, and
number of deaths in several cities around the world, odorless.Therefore, in recent times, people have
according to Pinto, [2,14]."In the last century, come across disastrous results of this disordered
people have seen the heyday of man's intervention process.

on the planet, with the appearance of combustion
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Ozone, an odorless, colorless and widely
encountered compound that in a certain amount is
responsible for aggravating respiratory problems, is
becoming more frequent in its concentration in the
metropolitan area of S&o Paulo (CETESB)
[4].According to the report itself, the effects of
ozone healthcare: "cough, irritation in throat, eyes
and nose. In extreme cases, according to
physicians, pollution can aggravate cardiovascular
problems and lead to heart attack. ".

NOx (nitrogen oxides) are important
pollutants, hence people see increasingly numerous
and popular articles made about these compounds,
denoting not only concern with global changes but
also with regard to the effects of environment
generated by their concentration on large amount
[5,16].

Cars, for the most part, are responsible for
forming NOx compounds. According to Dlimes [6],
recent research has pointed out that 68% of air
pollutants come from cars.Moreover, when it
happens in urban areas, this number ends up
increasing exponentially, reaching around 90%. In
a large urban city, there is a high formation of NOx
and, as seen previously, being a great polluter, ends
up consisting of mortality of living beings, both
human and animal.

According to Saldiva [7], there is a
worrying relationship between air pollution and
mortality rate of elderly, causing more studies
related to this area to be made in order to elucidate,
in a succinct way, a direct relation on which factors
compose and corroborate with the production of
pollutants, since they are already responsible for
deaths in humans.

However, it is observed that in compounds
such as NOx and Ozone, all the medium and
conditions in which they are formed must be taken
into account. In addition, ozone concentrations are
strongly linked to weather conditions. Several
factors, including some specific ones such as in
coastal regions and presence of sea breezes, are
also capable of affecting the concentration [8].
Therefore, it is necessary to develop a model that
can combine and relate concentrations of ozone and
NOx with the many variables that cause or inhibit
their production to predict their concentrations
more succinctly.

Atmospheric systems involve different
spatial and temporal scales that contribute to the
regional climatic variety of different intensities and
occurrences, and in one region may be performance
of several atmospheric phenomena [9]. This means
that even an area that does not have very high
production of certain pollutants can receive from
other more polluting regions, thus transforming a
more general problem than a regional one.

Climate systems are extremely complex.
Until recently, they worked from simple equation
systems, such as attempts to predict events, but
with great errors and uncertainties, and
relationships among climatic variabilities are often
non-linear [10].

Using multi-variational statistical
techniques, it allows elucidating data, thus
exemplifying the work, since it reduces unstable
indexes, making it possible to identify the most
important index applied to the activity by means of
explained variance for each component [11]. As for
example, for an analysis that needs a place to
observe a certain type of event, if it is used by
means of multi-variational statistics, one can know
which place among the chosen ones is more
conducive to a given event.

I1. METHODOLOGY

In order to do this article, several data
were obtained, besides statistical studies to analyze
the results. Data provided by CETESB[4,12] were
used, which showed variation of rainfall index,
ozone concentration and NOx and the average
traffic at the research site during the two-year
period, both analyzed at ambient temperature and
pressure.From these data, graphs were plotted using
Statistica® software (such software works with
visualization and management of statistical data)
and Microsoft Excel ®. In addition, Statistica®
works with multivariate statistics, which couples
different results showing how dependent the
concentration of one element is on the other, for
instance.

According to the data obtained, some
points were selected for a more precise analysis of
ozone concentrations. Data were obtained for 24
hours and, after observing a significant
concentration pattern, it was found that this range is
from 6 hours to 18 hours. Thus, data were selected
in those time periods during a year, also observing
the change of climatic seasons.

In order to enter the data in the software
properly, we defined certain patterns and the year
was divided into four stations so that the analysis
obtained could be detailed. In order to observe the
data correctly and in view of its large number, an
average was made for each factor.

So that results are true to reality, one must
study conditions of daily life. In order to discover
which factors influence formation of ozone and
NOx, one observes common factors of daily life,
such as climatic factors and frequency of vehicles.
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Figure 1. Based on an average among the days of
each season, the average temperature for a period
from 6 to 18 hours.

A second representative factor is the pluviometric
index, since in the case of NOx and ozone, it may
have highlighted paper in mechanism of rainfall
formation and precipitation index may be presented
in an interesting way in the study.
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Figure 2 - Precipitation by months of each season
in millimeters.

A third representative factor is the
vehicles frequency, as its influence on atmospheric
factors is remarkable. As 68% of the air pollutants
come from cars, and this percentage of pollutants
generated by cars rises, if only considered urban
areas, reaching 90%.

Traffic by hour

—Summer
m—Cpring

Autumn

Traffic slows ( kmfh)

—Winter

6 I 7 ‘ 8 I 9 IlO‘11‘12‘13‘14—‘15‘16‘17‘18‘
Hour
Figure 3. Based on an average among the days of
each station, average frequency for the period from

6 to 18 hours, where one observes the speed in
km/h and the time in hours.

With the main factors observed during
each season of the year, one must enter into the part
of NOx and ozone behavior in that same time
period. Also with the data provided by CETESB, it
was possible to obtain an average and to compare
the behavior of one according to the other.
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Figure 4. Set of graphs to study NOx and ozone
behavior in function of their average concentration
in 6 to 18 hours. The concentration is in ug/m3 and
in time in hours.
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I1l. RESULTS AND DISCUSSIONS

After obtaining the graphs shown
previously, it was possible to make a dendogram
with this information. A dendrogram (dendro =
tree) is a specific type of diagram or iconic
representation that organizes certain factors and
variables. It results from a statistical analysis of
certain data, which employs a quantitative method
that leads to groupings and their ascending
hierarchical ordering - which in graphical terms
resembles the branches of a tree that are divided
successively in others.
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Figure 5. Dendogram showing the relationships
among the factors taken into account in this article
and ozone and NOX.

By means of the chart above, one observes
the relationships and dependencies between the
factors that were cited in the methodology and the
NOx and ozone. In horizontal it is seen the
concentration of NOX, precipitation index of rain,
traffic, temperature and ozone concentration,
respectively. In vertical it is displayed connection
distance, that is, the smaller the number, the greater
the relation between the factors.

For example, at first sight, it is
observed that the traffic soon joins with
temperature, having a higher degree of relation.
This is due to the burning of fossil fuels produces
gases that contribute to the heating of temperature,
aggravating the greenhouse effect.

Next, it is observed that traffic-
temperature  relationship meets the ozone
concentration. It means that increased traffic and
the consequent rise in temperature affect the
amount of ozone concentration. Subsequently, this
relationship is with precipitation and, finally, with
NOXx concentration.

With the objective of improving living
conditions by reducing pollution, it is noticeable

that the way to reduce the high concentrations of
ozone, seen in recent times, is entering with
policies of incentives for a better organization in
the number of vehicles, mainly in large centers.

By implementing the rotation and
encouraging the use of means of transport that do
not harm the environment, significant results can be
obtained for improvements in society. Not only is it
ozone, one can imagine the graph above as a tree
and at the base of this tree is the traffic-temperature
relationship.

Since this relation is the basis, one
observes the dependence of other factors in relation
to this one. Of course, different degrees of the
relationship between ozone concentrations and
NOXx (ozone is more closely connected compared to
NOX), but looking for solutions in the base, one can
get positive results if propagating in its entire flow.

IV. CONCLUSIONS

The relationship between the variables,
such as ozone and NOx compounds, can be verified
by means of dendogram.lt can be concluded that
the increase in vehicle traffic is directly
proportional to the increase in ozone formation, but
it is not the only factor that changes its
concentration, as it can be observed, there is a
connection  between  temperature and its
concentration, so that when hours pass, temperature
has its peak between 12.00 pm and 2.00 pm and, in
the same interval, it is observed a great ozone
formation, therefore, temperature is a preponderant
factor for its formation, besides quantity of
vehicles.

Another  factor observed was the
pluviometric index, whose high level is responsible
for the increase in NOXx concentration because,
according to the nitrogen cycle, it is contained in
the air near the soil, nevertheless with rain, it rises
to layers closer to ozone, allowing Nitrogen atoms
to bind to the free oxygen atoms, leading to NOx
formation.

It was also demonstrated that the
connection rate is low between NOx and ozone,
denoting they are inversely connected.

Parameters such as direction and speed of
the wind were discarded because they have very
large connection levels among the components, so
there is no direct or inverse link among them.

It is worth noting that Resolution No. 3 of
CONAMA states that the concentration of ozone
during the day should be less than 80.16 ppb and
this value can only be exceeded once a year.
However, observing the charts of seasons, it is
noted that this limit is exceeded not only once, but
many, which makes the situation serious. From this
analysis and for the purpose of improving living
conditions, a better organization in the number of
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vehicles and/or how they affect the environment is
necessary to normalize the concentration levels of

using artificial neural networks and support
vector machine at Rio de Janeiro, Brazil”.

ozone and, because they are linked, the NOXx [9]. Reboita, Michelle; Krusche, Nisia&Piccoli,
concentration. Humberto Camargo.2006 “Climate
Variability in Rio Grande, RS, Brazil: A
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